Conventional endoscopic sonography has allowed precise diagnostics without disturbances, and miniprobes can be easily introduced through the biopsy channel of the endoscope. Miniprobe endoscopic sonography has many benefits compared with conventional endoscopic sonography. Although there are well-known indications for miniprobe endoscopic sonography in endoscopic digestive tract assessment, there is still a need for this method to be widely spread among physicians and commonly used by most endoscopists. The aim of this series was to describe a multicenter retrospective experience with 1451 procedures using miniprobes, presenting examples and the applicability and usefulness of this technology in the daily activities of an endoscopy department.
M
iniprobe endoscopic sonography can determine the shape, size, origin, and nature of tissues of some lesions within or accessible from the gastrointestinal tract. Nowadays, this technique has precise indications, 1 such as the study of pancreatobiliary and gastrointestinal tract stenosis, 2 esophageal, gastric, and colorectal cancer staging, 3 assessment of nontumor esophageal conditions, and subepithelial lesions smaller than 20 mm. It also may even become an alternative diagnostic procedure to both radial and sectorial endoscopic sonography, since the indications for miniprobes have become increasingly more numerous and the technical refinement is higher, which have increased the detection rates of some tumors. 4 The aim of this series is to retrospectively report our extensive experience using miniprobes by describing the indications, technical details, durability, and results of a series of 1451 consecutive procedures that may be of interest in the daily activities of an endoscopy department.
Materials and Methods
We conducted a multicenter study, in 3 private hospitals, involving 4 endoscopists who performed a total of 1451 examinations with miniprobe endoscopic sonography from November 1996 to November 2016. All procedures were performed after patients signed the corresponding informed consent. This study was approved by the Institutional Review Board of Teknon Medical Center.
Procedure
All patients underwent endoscopic sonography guided by a miniprobe with the assistance of an anesthetist for sedation. In 1996, the percentage of sedations was about 10%, increasing to 95% in 2007 and currently 100%, since it has become an unquestionable part of these procedures ( Figure 1) . The sedation applied was intravenous propofol. The reference standards for final diagnosis were biopsy and surgery for diagnostic confirmation ( Figure 1 ).
Miniprobe Endoscopic Sonography
Since the 1990s, many articles have been published describing technical details of the use of miniprobes. [4] [5] [6] [7] The choice of the suitable miniprobe for each procedure has several considerations, including localization of the lesion to explore and the resolution needed for the procedure/assessment. Models with higher ultrasonic frequencies have less depth of penetration and higher resolution. For example, 20 MHz is suitable for clear images of superficial lesions. Conversely, devices with lower frequencies have greater penetration but lower resolution. In these cases, 12 and 7.5 MHz are more suitable for evaluation of large lesions and contiguous tissues. 8 Another issue is the use of the most suitable working channel. In our series was used a 3.2-mm working channel with a wire-guided G20-29R miniprobe (Olympus Co, Ltd, Tokyo, Japan), whereas a 2.8-mm working channel was used with the remaining miniprobes. During this period, we had the opportunity to use different devices to perform the explorations, and this work reflects our experience with some of them, which are listed below (Tables 1 and 2) .
A radial miniprobe of 12.5 MHz (20-mm penetration) 6.2F, (2-mm diameter), and 950 or 2000 mm in length (Endosound/Microvasive; Boston Scientific, Watertown, MA) was used in 20 (1.4%) explorations. A radial miniprobe of 12 MHz (29-mm mean depth) or 20 MHz (18-mm mean depth; UM-2R or UM-3R; Olympus Co, Ltd) was used in 20 (1.4%) procedures ( Figure 2 ). These are miniature ultrasound probes designed to be inserted through the working channel of a standard endoscope with a compatible biopsy channel diameter of 2.8 mm or greater, allowing an effortless sonographic examination during routine endoscopy. This radial ultrasound probe offers high-resolution sonography for a wide range of applications, including upper and lower digestive tract assessments. It can be A radial wire-guided miniprobe of 20 MHz (2.9-mm diameter; G20-29R; Olympus Co, Ltd) was used in 11 (0.7%) intraductal studies. This is a miniature ultrasound probe that allows high-resolution sonograms over 360 8 via the channel of a standard medical endoscope of 3.2 mm, allowing sonographic examinations during routine intraductal sonography. Wire-guided insertion allows the miniprobe to be inserted into even tight pancreatobiliary duct strictures during intraductal sonography ( Figure 4) .
A radial and linear miniprobe of 12, 15, or 20 MHz (2-to 2.6-mm diameter) and 1900 mm in length (MP; Figure 2 . A, Twelve-or 20-MHz Olympus UM-2R/3R miniprobe. B, Fuji 7.5-MHz, 2.6-mm radial balloon microprobe with a preload system.
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Fuji, Singapore), was used from 1999 to 2007 in a total of 850 (58.6%) examinations. It has a 7.5-MHz, 2.6-mm radial balloon microprobe with a preload system. Whenever possible, acoustic coupling was achieved by using the direct water immersion technique or, otherwise, by the distal balloon attachment method. Latexfree miniballoons were used, except with the 7.5-MHz microprobe (Table 1) .
Anatomopathologic Studies
Tumoral tissue samples were obtained by deep biopsy, by performing the canalization technique guided by a miniprobe, a technique developed by one of our endoscopists, or during surgery. 9 Formalin-fixed and paraffinembedded tissue samples were cut into 4-lm-thick sections on a microtome using standard procedures. Hematoxylin-eosin was the stain of choice for routine examinations. When a differential immunohistochemical diagnosis was required, different diagnostic panels were used, depending on the morphologic pattern.
Statistical Analysis
Data obtained included the number of explorations performed, duration of the procedure with the miniprobe, indication and organ explored, as well as adverse events, morbidity, and mortality. All statistical analyses were performed with the SPSS version 11 statistical package (IBM Corporation, Armonk, NY). The diagnostic sensitivity, regarding the biopsy results, was obtained by the formula true positive/(true positive 1 false negative).
Results
Our 20 years of experience performing procedures with miniprobe endoscopic sonography can be summarized by explored organs as follows: esophagus and stomach, 871 cases (60%); rectum and colon, 435 cases (30%); and other (duodenum, papilla, and bile ducts), 145 cases (10%). The indications for the procedures are as follows: 1. Cancer staging in 35% (508 of 1451) of cases (including 20 mucosa-associated lymphoid tissue lymphoma and 100 stenosis). Miniprobe endoscopic sonography identified the tumor stage in mucosa-associated lymphoid tissue lymphoma. Miniprobes were shown to be effective tools for identifying mucosa-associated lymphoid tissue Varas Our experience with the Endosound/Microvasive 12.5-MHz probe showed us that it is not a good choice for gastrointestinal examinations ( Figure 5 ). We performed 20 gastrointestinal assessments with this device, and it may become broken when trying to pass through the papilla. Currently, we use the 20-MHz, 2.9-mm G20-29R guided miniprobe. This probe was also used in 11 (0.76%) intraductal studies.
Intraductal sonography gives clinically relevant information because by visualizing the wall layers in biliary strictures, it may estimate the extent of potentially cancerous infiltration and may contribute to appropriate therapeutic decisions in malignant biliary strictures. With intraductal sonography, the diagnostic sensitivity of the procedures performed was 91% (10 of 11; Figure 5 ).
For gut examinations, a single Fuji miniprobe (12 or 7.5 MHz) was chosen in 100 cases and a single 12-MHz Olympus miniprobe in 60 (4.14%) cases. The miniprobes' durability was a maximum of 60 to 100 gut explorations ( Figure 6 and Table 3 ).
All strictures (n 5 100) were successfully passed through, except 1 anorectal malignant stenosis. In the first 100 patients of this series of 1451 assessments 
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performed with miniprobe endoscopic sonography, there was a change in the diagnostic and therapeutic management in 44 cases. 10 In such cases, the demographic data, initial indications, anatomic area explored, and changes in diagnostic and therapeutic approaches, which occurred after the miniprobe studies, were all recorded.
The most frequent complication was abdominal pain induced by the endoscopic procedure (5%), particularly when sedation was not applied. No major adverse events, such as aspiration, perforation with bleeding, and death, were observed.
Discussion
Miniprobe endoscopic sonography has a wide range of indications and benefits for endoscopists, but it has some limitations that have to be known. One of them is the limited durability of the probes. Nowadays, studies of miniprobe durability are few; in relation to intraductal conditions, Napolèon 11 limited the use of each miniprobe to 30 examinations. In our experience with gastrointestinal tract assessments (60-100 explorations) using an endoluminal miniprobe, we obtained the same result regarding the limited durability of these devices in these procedures. Proof of the benefit contributed by miniprobes is the additional information obtained during endoscopic assessments that may lead to a change in management and treatment. Nesje et al 12 studied 123 patients and found additional information in 70% of cases, whereas Waxman 13 studied 23 patients and found additional information in 74% of them and a change in management in 57%. The organ most frequently investigated was the esophagus, and major indications included subepithelial or epithelial tumors and esophageal stenosis.
Chak et al 14 studied 66 patients and performed a comparative investigation of endoscopic sonography and miniprobe endoscopic sonography with similar results: 18% versus 16% regarding diagnostic changes and 21% versus 15% (31% in total) regarding therapeutic changes. The organs most commonly explored were We obtained similar results as these groups when we studied the first 100 cases of our series, with a clinical impact on 44% of procedures. 8 The esophagus and stomach were the most commonly explored organs, and cancer staging and subepithelial lesions were the main indications for the procedures.
The diagnostic sensitivity of deep biopsy of subepithelial tumors was 87.5% (28 of 32), similar to other studies, such as a study by Okuzono et al, 15 with diagnostic sensitivity of 85% (23 of 27). H€ unerbein et al 16, 17 performed locoregional TN staging in 173 patients with esophageal-gastric cancer and concluded that the results were similar with a 12.5-MHz miniprobe and 7.5-MHz linear endoscopic sonography.
Our experience with intraductal sonography is limited (11 cases); we have used it in the staging of ampullary tumors 18 and for the study of cholangiocarcinoma versus sclerosing cholangitis, 19 choledocholithiasis, or residual lithiasis. [20] [21] [22] [23] [24] [25] [26] [27] Another very positive result that the use of miniprobes may offer is in the assessment of pancreatobiliary tumors, [28] [29] [30] [31] [32] [33] [34] including precise diagnosis of tumoral extension using 3-dimensional or dual-plane reconstruction. 32, 33 The major benefits of the use of miniprobes that we have found along these years are the reduction of procedural time, high-resolution images on endosonography, the ability to go through strictures and to enter the common bile and pancreatic ducts, and better maneuverability in areas such as cardia and the pylorus. In addition, they are useful in mucosectomies 35 and tumorectomies. 36 Therefore, we currently use miniprobes in most of our procedures, and they are valuable tools for our department.
However, there are some disadvantages and shortcomings with miniprobe endoscopic sonography, such as longer training than for conventional endoscopic sonography, its limited penetration to a maximum of 30 mm, whereas endoscopic sonography reaches 60 mm on average), greater fragility (limited durability), and its inability to support endoscopic sonography-fine-needle aspiration-puncture and interventional procedures (eg, neurolysis and puncture-injection). 37 There is also a potential risk of aspiration when using water immersion for scanning the esophagus; some cases of pancreatitis after intraductal sonography were reported in 0.4% to 1.5% of procedures. 36 Major indications for miniprobe endoscopic sonography include digestive cancer staging and assessment of subepithelial lesions, [38] [39] [40] including subepithelial abnormalities of the appendix. 41 Shimoyama et al 42 studied the staging of esophageal cancer using 12-to 20-MHz miniprobes for tumor staging and differentiated correctly 44, 45 In the staging of early Barrett carcinoma, the tumor category was correctly assessed with endoscopic sonography in 49% of patients and in 64% with miniprobe endoscopic sonography. 46 In early cancer, the diagnostic sensitivity was 80% (16 of 20) , which was similar to that of other authors such as Shimoyama et al, 42 with sensitivity of 86% (17 of 20) . In their studies of tumor staging of mucosaassociated lymphoid tissue lymphoma, L€ ugering et al 47 compared the results of miniprobe endoscopic sonography and endoscopic sonography and identified a T1 lesion in 53% of cases with a miniprobe versus 60% with endoscopic sonography, and Varas et al 48 studied gastric mucosa-associated lymphoid tissue lymphoma (25 cases) using miniprobes (12 and 20 MHz) and identified tumor stages in 88% of cases versus 91% with conventional endoscopic sonography (7.5 radial and 20 MHz). The application of miniprobe endoscopic sonography in long-term follow-up enables adequate evaluations in most patients (Tables 3 and 5) . [49] [50] [51] During preoperative evaluations, miniprobe endoscopic sonography has obtained positive results. [52] [53] [54] The latest publications present new indications for miniprobe endoscopic sonography with very good results: in their study of 13 patients with endoscopic gastro cyst drainage under endoscopic sonography in symptomatic pancreatic pseudocysts, De Angelis et al 53 used a miniprobe for this new indication, and they concluded that when conservative therapy is ineffective, endoscopic gastro cyst drainage represents a viable option to resolve pancreatic pseudocysts permanently, and miniprobe endoscopic sonography provides a valuable contribution to endoscopic cystogastrostomy in children and also in difficult situations, allowing a safe and effective endoscopic procedure.
Haji et al 54 conducted a study with 104 patients. All of them underwent 20-MHz high-frequency miniprobe endoscopic sonography of colorectal lesions during colonoscopic examinations to assess the depth of infiltration of the colorectal tumors. They found that miniprobe endoscopic sonography had high accuracy in determining the depth of colorectal lesions and was useful before endoscopic resection. However, miniprobe endoscopic sonography has limitations in determining the tumor stage in early colorectal cancer, and the accuracy decreased when the tumor size was greater than 2 cm or the tumor had invaded the submucosal layer (Table 4) . 55 In conclusion, in our experience, miniprobe endoscopic sonography appears to be a highly valuable modality. It is a feasible, safe, and effective procedure for assessment of tumoral and nontumoral lesions and the staging of cancer, with no major adverse events, which increases the quality of procedures with a high degree of image resolution and the ability to perform real-time imaging during diagnostic and therapeutic interventions. In addition, miniprobes may be of help for echoendoscopy-guided mucosectomy and tumorectomy.
